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ABSTRACT: 

PURPOSE: To provide an LCD luminance control system capable of allowing an 
LCD to execute self-calibration and maximizing the number of gray scale levels. 

CONSTITUTION: A TFTLCD display device 64 has a pel matrix, the respectively 
different drain voltage is impressed to the drain lines 68-1 to 68-j of 
different TFTs and the previously set number of gray scales is attained. Each 
different voltage is set up during the calibration of test pel and the test pel 
has substantially the same characteristics as a visible pel to be observed by a 
user. The characteristics of the test pel is measured at first and then a 
drain voltage value for attaining a different gray scale is mathematically 



extracted. 
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* NOTICES * 

JPO «nd NCIPI are not responsible for any 
damages caused by the us« of tbis translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

relabel ?in a thin film transistor (TFT) liquid crystal display (LCD) system Each pel contains the liquid 
crystal ingredient combined with TFT including a visible pixel (pel) matrix. The test pel which said 
liquid crystal ingredient transmits the light of the degree controlled by the dram electrical potential 
difference supplied to said TFT, and has the same property as said visible pel, Selectively [ plurality ] 
which is connected to said MATORISUKU and supplies a drain electrical potential difference to said 
visible pel The adjustable voltage source which can be set, The conlrol means which controls the voltage 
source which is connected to said voltage source and said pel, and supplies a drain electrical potential 
difference to each pel, Connect with said test pel and said voltage source, measure said property of said 
test pel and the drain electrical potential difference of different level is generated. The LCD system 
characterized by including a calibration means to set said voltage source so that the gray scale of two or 
more level may be offered to said visible pel. 

[Claim 21 Each voltage source is a LCD system according to claim 1 characterized by including the 
register which memorizes the digital value which controls the value of the drain electrical potential 
difference generated by said each voltage source, and the digital-to-analog converter which changes into 
the analog value of a drain electrical potential difference said digital value which is connected to said 
register and memorized by said register. 

[Claim 3] Said calibration means is a LCD system according to claim 2 characterised by including the 
photodiode which generates the output signal which is amingcd near said test pel, measures the light 
transmitted through said test pel, and is proportional to said light. 

[Claim 4] Said DPS is a LCD system according to claim 3 characterized by writing in said digital value 
which controls the level of said drain electrical potential difference which is connected to said register of 
said electrical-potential-differcnce Gennai, and is generated by said register according to said adjustable 
voltage source including the memory with which this system is further connected to a processor and this 
processor including digital data processing system (DPS), and said calibration system remembers a 
calibration routine and a measurement result to be. 

[Claim 51 The LCD system according to claim 4 characterized by including a means to connect with 
said photodiode and said DPS, to change the analog output from said photodiode into a digital output 
value including an analog-digital converter, and to memorize this output value in said memory. 
[Claim 6] Said test pel includes a gate line and a drain line. Said calibration means The gate dnver 
connected to said gate line and the digital-to-analog converter (DAC) connected to said drain line and 
said DPS arc included. Said DPS transmits the digital test signal from which a single string differs to 
said DAC. It is the LCD system according to claim 5 which carries out activation of said test pel by that 
cause, and is characterized by generating said analog output signal and said DPS memorizing said 
digital test signal in said memory in relation to said digital output value further memorized m said 

[SSm7] Said DPS is a LCD system according to claim 6 characterized by memorizing the digital value 
from which said digital test signal and said digital output value are analyzed, and plurality differs to said 
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[SStfte dS^^Si. as for said different digital value, a single string increases - 
gating £ the raJc of each level and the level in front of one - root2 it is - LCD system according to 

1^^SS^tS£^ to which, as for said different digital value, a single stting increases - 
Kl _ the ratio of each level and the level in front of one -- eln CR/n it is - LCD system 
according to claim 7 by which e is characterized by a contrast ratio and n of the bottom of a natural 
logarithm and CR being the numbers of gray-scale level here. 

Claim 101 It is arranged by the matrix and, as for said visible pel within said matrix, said LCD system 
contains two or more demultiplexers. The output of this demultiplexer is connected to the actuation line 
of said I visible pel Said demultiplexer input is connected to said adjustable voltage source and the source 
of a data s gnal For said gray-scale value, each of said data signal is a LCD system according to claim 1 
l^Sby™lL\litte drain voltage level supplied to the pel of said arbitration including the 
erav-scale value over the pel of arbitration. . 
rciaim 1 1] Said source of a data signal is a LCD system according to claim 10 characterized by 
ncluding the video random access memory (VRAM) which memorizes said data signal. 
Claim 1 21 The LCD system according to claim 1 1 characterized by repeating predetermined fixed ime 
and each pel whenever a drain voltage level is supplied to each pel including a timing means to control 
the drain voltage signal which is connected to said VRAM, receives said data signal, and is supplied to 
said pel, and refreshing. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damaged caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3 Jn the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[Industrial Application] This invention relates to an improvement of the intensity control of LCD which 
maximizes the number of brightness or gray-scale level by the self-calibration especially about the 
improvement of a thin film transistor (TFT) liquid crystal display (LCD) system which operates in 
digital one. 

[Description of the Prior Art] Generally LCD is formed of the pixel or pel (PEL) in which each contains 
TFT, and these TFT(s) are combined with the liquid crystal ingredient which transmits light according 
to the control signal supplied. The transmissibility or the apparent brightness of a pel is the polar 
function of a liquid crystal ingredient, and this is a function of time amount with which such an 
electrical potential difference is supplied in connection with the magnitude and the gate signal of a drain 
electrical potential difference, although the parasitic capacitance which accompanies TFT memorizes 
DC value temporarily after a control signal is supplied, in order that this may maintain the target 
transmissibility in a long duration period - refresh or it needs to be re-charged. 
[0003] It is difficult to maintain many exact steps about transmissibility about a LCD monitor or a 
display, perfect ON of a pel, or while it is off. an intensity level which becomes possible [ transmitting 
the quantity of light from which the pel of arbitration differs by supplying different level or the drain 
electrical potential difference of a value ], and is different to a user - or - "Gray scale" It can see for 
having. There are Pulse Density Modulation (PWM) and Pulse Amplitude Modulation (Pulse Amplitude 
Modulation) in the conventional method of attaining various gray scales. In PWM, the drain electrical 
potential di fference of immobilization is supplied between different time periods determined with pulse 
width, in Pulse Amplitude Modulation, a different drain electrical potential difference is the same -- time 
amount (fixed pulse width) supply is carried out. Pulse Amplitude Modulation is high-end TFT LCD. It 
is suitable for a monitor. By using Pulse Amplitude Modulation, the average polarity of a pel changes 
with the optical transmissibility of a pel, and gray adjustment is performed. In Pulse Amplitude 
Modulation, the transmissibility of a pel is controlled by the analog value of the electrical potential 
difference supplied to the drain line of a direct pel, and, on the other hand, activation of the gate line of a 
pel is carried out by the digital gate signal. 

[0004] In the present LCD manufacture process, the transmissibility of the pel of the range in which 
homogeneity or prediction is completely possible is not produced to the bias voltage supplied to the 
drain of a pel. Although the shape of a basic form of a transmissibility curve is known well, the absolute 
value changes a lot between the displays produced through a production process. Furthermore, human 
being's vision complicates a situation, because, human being's vision - a gray scale the primary 
gradation - contrary - a logarithm - it is because it catches-like, this - the number of gray scales ~ a 
multiplier - by increasing by V, it is required for a contrast ratio to increase by n (root2) - meaning a 
certain thing, contrast ratio CR is the ratio of the maximum transmissibility to the minimum 
transmissibility here. 



. . , . .. t m 
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f00051 In manufacture of arbitration, presetting of the different drain clectncal-poten tial-difference 
ITe used Sulse Amplitude Modulation is earned out to the same value to all indicating equipments, 
or the works calibration of each indicating equipment is carried out separately. The problem in the 
former approach is the big difference of the display between different indicating equipments, and in 
oX o p?oduce on the level which can be accepted, it is the point that the number of level of a gray 
scale must be restricted. The latter approach makes the cost of an indicating equipment increase and 
consideration to the life of a component, such as making it not take time amount too much to early 
setting etc., is not given. 

$roblcm(s) to be Solved by the Invention] The object of this invention offers the improved LCD TFT 
disDlav which has a fixture self-calibration system. _ 
[0007] The object of this invention is TFT LCD which carries out ^e calibration of die display 
periodically and realizes the maximum number of gray-scale level in between perfect ONOFU. The self- 
calibration system of a sake is offered. 

E for Solving the Problem] According to this invention, it is TFT LCOTt has a pel matrix, a 
different drain electrical potential difference is supplied to the dram line of TFT different here, and a 
display realizes the number of gray scales set up beforehand. A different drain electrical potential 
difference is set through a test pel into a calibration. These lest pels have the substantially same property 
as the pel looked at by the user. The property of a test pel is measured first and the control value of the 
drain electrical potential difference for realizing a different gray scale is extracted from said 
measurement. 

[Sple] the example of the data processing system which wil) carry out this invention if toagU M 
referred to - being shown - this system - a personal computer 10 - containing -- this - PC DOS - or - 
- It operates under operating systems, such as OS/2, and an application Ingram is performed. For a 
computer 10 including a microprocessor 12, this is connected to a local bus 14 and a local bus 14 is the 
bus interface control unit (BIC) 16, the mathematical co-processor 18, and SCSI (small computcrsystem 
interface). It connects with an adapter 20. A microprocessor 12 is one of the 80xxx microprocessor 
families such as 80386, suitably, and a local bus 14 includes the data, the conventional address, and the 
conventional control line which suit the architecture of such a processor. An adapter 20 is connected 
also to the SCSI bus 22, and this bus is connected to the SCSI hard drive (HD) 24 specified as Cldnve. 
A SCSI bus is correctable with other SCSI devices (not shown) again. An adapter 20 is further 
connected also to NVRAM30 and read-only memory (ROM) 32. 

fOOlO] BIC1 6 performs the two main functions and one is the function of the memory control unit tor 
acccssina main memory 36 and ROM38. Main memory is dynamic random access memory (RAM), and 
this is constituted by two or more single in-line memory modules (SIMM), and memorizes the program 
and data which are performed by a microprocessor 12 and the mathematical co-processor 18. Memory 
36 memorizes the display program 42 for transmitting data to a display subsystem and is later 
mentioned about this. ROM38 memorizes a POST program. The POST program 40 performs POST of a 
primary test, i.e., a system, when the restart of the computer 10 is carried out by power on or the 
keyboard reset. The address and a control bus 37 connect B1C16 to memory 36 and ROM38. A data bus 
39 connects memory 36 and ROM48 to a data buffer 41, and a data buffer 41 is further connected to 
data bus 14D of a bus 14, A control line 45 interconnects BIC1 6 and a data buffer 41. 
r001 11 Other main functions of B1C16 are the interfaces between the bus 14 by (micro-channel MC) 
architecture, and an input/output bus 44. A bus 44 is further connected to an input/output control unit 
(IOC) 46 the graphics control unit 48 and two or more MC connectors, or a slot 50. A control device 48 
is further'connected to Video RAM (VRAM) 60 and the LCD subsystem 62. 

[00121 IOC46 controls the operation of two or more I/O devices, and the floppy disk drive 72 specified 
as A drivc a printer 74, and a keyboard 76 are contained in these. Drive 72 contains the floppy disk or 
diskette 73 in which a control device (not shown) and ejection are possible. IOC46 is connected also to 
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constituted by the matrix of a j tram x k line. M com* ^ ^ Qr more gale , 66 1 , 

lines. Gate line 66-k is connected to the gate of all toe peis m e ft drain line of each pel 

=?• gate signal is supplied to the dgp.1 is supplied to the train 

of a different train from two or ««* drives the drain line 68 by the tram driver 

of a pel. The gate line 66 is driven by the line driver ^ simultaneo usly - or activation is 

70. £ for each pel a gate signal and a ^^^ffJSn J; 68 l0 each pel, respectively, 
carried out by connecting the level on a j^^^ scaim / g (HSC AN) signal as 
mm 41 The line driver 69 operates with a CU<- signal anu a supplied to 

a circuit 82 with a horizontal V"*"™^^ ^ signal als0 10 Uabl tin ^ g f"*/ 

signal. The two latter signals are supplied with a CLK ^signal ana Md me digital value 

70 / train 1 from the reception from a circuit 84, ^J™ *™? Technical target and is made into the 
number <2») of the gray-scale level which ^.^^^-^LJin advance. A line 88 is 

ob£cu<U-ho^ 

connected to demultiplexer (DEMW)^ id tolhe drain line 68, respectively, 
respectively, and these outputs are * JZZL to the input of the digital-to-analog 
[0016] Two or more 2n The level M W ?t££S2y For LL94, it is loaded between calibrations 
convener (D/A) 92 of plurality [ output / the rjgg ^ brightness value which defines 
2 that it may be mentioned later, ^ *^ "j'SiSSS i phase differs is expressed. These 
the drain electrical P^}^ I& ^2U s changed mU> the analog drain electrical potential 
control values are 2n by D/A converter 92. 1 is ""g^^^ potential differences are 
difference of the level ^^n^l? ^^^£^Sc?which appears in the output of 
transmitted to DEMUX90. Each B^^^^gi „ activation gate signal by that cause is 
92 on the drain line 68, one Vf^^J^^^ supplied to DEMUX in this way is 

S53i LL94, and this is pel matrix, and the test pel 

[0017] LCD64 has the opaqu ^J^J ™anno t be seen. It connects with the calibration 

98 is arranged from a user behind the ™.?™ c ^ ™ , J, draw mg3 . If drawing! is referred to, 
Z SSS and a test pel operates the photodjode 102 showr in sa ^p7oferty as this, and 

*e test pel 98 will be formed in a visib le pel and ' A pholo diode 102 is arranged 

will offer the reliable test for the cabbrauon of an jJ^SSd^KwnW the output voltage which 
so mat the light in which a pel ^^^T^^ ^ • W driver 1 04, and receives 
shows the brightness of such a light A ^JJg^ A Seducer 106 has the same transfer 
a drain signal from ^\ to ^J^^S^S!^ * *e same to the digital input value of 
characteristic as a transducer 92, ^ jhe malog ou pu t v a cement with the frequency and 

arbitration. A gate driver 104 is a ^^^^'^t d^tn%n\h the same refresh frequency as 
duty cycle of a visible pel. Between calibrat ons » ^*P C ' s . °. ^ of a test pd , an d it of a visible 
Ease of a visible pel, and offers the direct ^^^£^2^™^ of each pel. Although 
pe,. Manufacture of a certain display may. ^^^S^SSlcL be accepted, two or more 
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[001 8] The calibration system 96 has digital data processing system, and a microprocessor 108 is 
connected to RAM) 10, ROM1 12, a decoder 126, and a digital-to-analog converter (D/A) 106 for Am > by 
Ac bus 1 1 8 including a microprocessor 1 08. This is selectively performed in a microprocessor 108 by 
memorizing 1 14 in a calibration program or a routine, and ROM) ) 2 performs a calibration. A 
Sation is performed at the time of the power on of the beginning of LCD, or when a processor 12 
< dmwing 1 ) performs the POST program 40 and passes self-test control to a display system, « « 
oerformea"' When change of temperature, an atmospheric pressure, etc. affects a display about a display 
*SS£ action Tmay be dynamically performed according to such a change = of state Between 
calSions the analog output (DO) of a photodiode )02 is amplified by the amplifier 122, then, is 
diSd I bt the analog-digital converter (A/D) 124, is transmitted on a bus 1 18 and is memorized by 
tt taWe 116. A table 1 16 memorizes the digital test value (DV) which generated each analog value DO 



rooi 9] The calibration system 96 operates in a test mode and tri-state mode A system 96 is connected 
effective in LL94, and the inside of a test mode performs a calibration test first, and then loads a level 
£ I Then, a system 96 is switched to tri-state mode, it is cut from LL94, and the digital control value 
memorized by LL94 offers the gray-scale level of the object for operating LCD64. If drawing 4 « 
referred to and the calibration routine 1 1 4 will be performed by the processor 108, step 130 will be 
measured as a function of a series of test drain clectrieal-potential-difference values to ^ *cou£jrt 
voltage of a photodiode 1 02 is supplied by the test pel 98. In such measurement, a table 1 16 is generated 
in RAM110 and the value of the test drain electrical potential difference DV corresponding to the 
photodiode output DO is memorized. The number of the test value acquired during a test or samples is 
larger than the number of level of the gray value beforehand determined in the display system of 
arbitration (for example, 1 00 times). Thereby, gray shading reinforcement is optimized. 
m0201 Next in order to generate the drain electrical potential difference corresponding to the gray-scale 
evel oi ! £v phase at step 134, the control value from which it differs for loading to LL94 is chosen 
U onto for this selection atltep 136, and the mathematical analysis of the test dram volt input to the pel 
98 To a photodiode output is performed here. Such analysis is suitably carried out using either two 
formulas shown below or an equation. 
[0021] 

mSVHeref !he vt^of the range of 1 to "n» and "n of the minimum diode output and y by which the 
diode outpu corresponding to the gray-scale level of eye (y) watch in the diode output corresponding to 
the gra7-?cale level of eye watch (y+1) in X (y+1) and X (y) and X ()) are detected during a test" are the 

SSSE $£3E!^*CBWn 2) (/2), and »CR« is a contra* ratio, "In" is a standard natural 

logarithm and "n" is omitted by the integer here. 

[0024] 

rOoSl HoS e?ttebrtSi of a natural logarithm and all other terms are already definition ending. 
0026 By the activity of a formula 1, a gray-scale step ratio is about 1.4. It is generated and it is 
considered that this is the minimum ratio about the approaching brightness or gray-scale level which 
human being can identify. At a formula 2, it is 1 .4. A big step ratio is generated as a result, a display 
will be discontinuous about brightness more and the difference of contrast can be identified now 
between the approaching level. If the step level of diode is determined, a table 116 is accessed, and the 
lookuo of the DV value which generates such level will be carried out, and it will memorize in LL94 by 
rnakine into a digital control value digital value chosen at step 138 next. This transmits a digihil control 
value on a bus 1 1 8, and is latched by the latch signal by which this is sent through a line ) 28 from a 
decoder 126. In the usual operation after calibration completion, the drain line electrical potential 
difference of various level is repeatedly supplied to a pel by Pulse Amplitude Modulation as a fixed 
width-of-face pulse, and generates a different gray scale. 
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[00271 Although the above-mentioned detailed calibration processing has been described about 
Monochrome LCD, it will be understood by this contractor by carrying out a calibration simi arly to the 
liquid crystal of red, Green, and blue (RGB) that the above-mentioned processing is applicable also 
about colorization LCD. Moreover, it will be understood by this contractor that other modification in a 
detail is also possible, without deviating out of the example of this invention. 
f00281 

TEffect of the Invention] As explained above, according to this invention, the calibration of the display is 
carried out periodically and the self-calibration system of TFT LCD which realizes gray-scale level of 
the maximum number between perfect ON and off level can be offered. 



[Translation done.] 
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* NOTICES * 

LThis document has been translated by computer. So the translation may not reflect the original 

shows the word which can not be translated. 
3Jn the drawings, any words are not translated. 



TECHNICAL FTELD 



^^^^^ 

SSSSXS: £S 0SJ5S s yS .«n which ope,a«« . 

digital one. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not: responsible for any 
damages caused by Che use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated, 
3.1n the drawings, any words are not translated. 



PRIOR ART 

[Description of the Prior Ait] Generally LCD is formed of the pixel or pel (PEL) in which each contains 
TFT, and these TFT($) are combined with the liquid crystal ingredient which transmits light according 
to the control signal supplied. The transmissibility or the apparent brightness of a pel is the polar 
function of a liquid crystal ingredient, and this is a function of time amount with which such an 
electrical potential difference is supplied in connection with the magnitude and the gate signal of a drain 
electrical potential difference, although the parasitic capacitance which accompanies TFT memorizes 
DC value temporarily after a control signal is supplied, in order that this may maintain the target 
transmissibility in a long duration period ~ refresh - or it needs to be re-charged. 
[0003] It is difficult to maintain many exact steps about transmissibility about a LCD monitor or a 
display, perfect ON of a pel, or while it is off. an intensity level which becomes possible [ transmitting 
the quantity of light from which the pel of arbitration differs by supplying different level or the drain 
electrical potential difference of a value ], and is different to a user — or "Cray scale" It can see for 
having. There are Pulse Density Modulation (PWM) and Pulse Amplitude Modulation (Pulse Amplitude 
Modulation) in the conventional method of attaining various gray scales. In PWM, the drain electrical 
potential difference of immobilization is supplied between different time periods determined with pulse 
width, in Pulse Amplitude Modulation, a different drain electrical potential difference is the same — time 
amount (fixed pulse width) supply is carried out. Pulse Amplitude Modulation is high-end TFT LCD. It 
is suitable for a monitor. By using Pulse Amplitude Modulation, the average polarity of a pel changes 
with the optical transmissibility of a pel, and gray adjustment is performed. In Pulse Amplitude 
Modulation, the transmissibility of a pel is controlled by the analog value of the electrical potential 
difference supplied to the drain line of a direct pel, and, on the other hand, activation of the gate line of a 
pel is carried out by the digital gate signal. 

[0004] In the present LCD manufacture process, the transmissibility of the pel of the range in which 
homogeneity or prediction is completely possible is not produced to the bias voltage supplied to the 
drain of a pel Although the shape of a basic form of a transmissibility curve is known well, the absolute 
value changes a lot between the displays produced through a production process. Furthermore, human 
being's vision complicates a situation, because, human being's vision a gray scale — the primary 
gradation — contrary — a logarithm — it is because it catches-like, this — the number of gray scales — a 
multiplier - by increasing by "n", it is required for a contrast ratio to increase by n (root2) - meaning a 
certain tiling, contrast ratio CR is the ratio of the maximum transmissibility to the minimum 
transmissibility here. 

[0005] In manufacture of arbitration, presetting of the different drain electrical-potentialniifference 
value used for Pulse Amplitude Modulation is carried out to the same value to all indicating equipments, 
or the works calibration of each indicating equipment is carried out separately. The problem in the 
former approach is the big difference of the display between different indicating equipments, and in 
order to produce on the level which can be accepted, it is the point that the number of level of a gray 
scale must be restricted. The latter approach makes the cost of an indicating equipment increase, and 
consideration to the life of a component, such as making it not take time amount too much to early 
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setting etc., is not given. 
[0006] 
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JPO and NCIPI axe not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



EFFECT OF THE INVENTION 

[Effect of the Invention] As explained above, according to this invention, the calibration of the display is 
carried out periodically and the self- calibration system of TFT LCD which realizes gray-scale level of 
the maximum number between perfect ON and off level can be offered. 
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TECHNICAL PROBLEM 

[Problcm(s) to be Solved by the Invention] The object of this invention offers the improved LCD TFT 
display which has a fixture self-calibration system. 

[0007] The object of this invention is TFT LCD which carries out the calibration of the display 
periodically and realizes the maximum number of gray-scale level in between perfect ONOFU. The self- 
calibration system of a sake is offered. 
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MEANS 

[Means for Solving the Problem] According to this invention, it is TFT LCD. It has a pel matrix, a 
different drain electrical potential difference is supplied to the drain line of TFT different here, and a 
display realizes the number of gray scales set up beforehand, A different drain electrical potential 
difference is set through a test pel into a calibration. These test pels have the substantially same property 
as the pel looked at by the user. The property of a test pel is measured first and the control value of the 
drain electrical potential difference for realizing a different gray scale is extracted from said 
measurement. 
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3.1n the drawings, any words are not translated. 



EXAMPLE 



[Example] the example of the data processing system which will carry out this invention if drawing 1 is 
referred to -- being shown -- this system -- a personal computer 1 0 containing — this — PC DOS — or - 
- It operates under operating systems, such as OS/2, and an application program is performed. For a 
computer 10, including a microprocessor 12, this is connected to a local bus 14 and a local bus 14 is the 
bus interface control unit (BIC) 16, the mathematical co-processor 18, and SCSI (small computersystem 
interface). It connects with an adapter 20. A microprocessor 12 is one of the 80xxx microprocessor 
families, such as 80386, suitably, and a local bus 14 includes the data, the conventional address, and the 
conventional control line which suit the architecture of such a processor. An adapter 20 is connected 
also to the SCSI bus 22, and this bus is connected to the SCSI hard drive (HD) 24 specified as Crdrive. 
A SCSI bus is connectable with other SCSI devices (not shown) again. An adapter 20 is further 
connected also to NVRAM30 and read-only memory (ROM) 32. 

[0010] BIC! 6 performs the two main functions and one is the function of the memory control unit for 
accessing main memory 36 and ROM38. Main memory is dynamic random access memory (RAM), and 
this is constituted by two or more single in-line memory modules (SIMM), and memorizes the program 
and data which are performed by a microprocessor 12 and the mathematical co-processor 1 8. Memory 
36 memorizes the display program 42 for transmitting data to a display subsystem, and is later 
mentioned about this. ROM38 memorizes a POST program. The POST program 40 performs POST of a 
primary test, i.e., a system, when the restart of the computer 10 is carried out by power on or the 
keyboard reset. The address and a control bus 37 connect BIC 16 to memory 36 and ROM38. A data bus 
39 connects memory 36 and ROM48 to a data buffer 41, and a data buffer 41 is further connected to 
data bus 14D of a bus 14. A control line 45 interconnects QIC) 6 and a data buffer 41 . 
[001 1 ] Other main functions of BIC1 6 are the interfaces between the bus 14 by (micro-channel MC) 
architecture, and an input/output bus 44, A bus 44 is further connected to an input/output control unit 
(IOC) 46, the graphics control unit 48 and two or more MC connectors, or a slot 50, A control device 48 
is further connected to Video RAM (VRAM) 60 and the LCD subsystem 62. 

[0012] IOC46 controls the operation of two or more I/O devices, and the floppy disk drive 72 specified 
as A.drive, a printer 74, and a keyboard 76 are contained in these. Drive 72 contains the floppy disk or 
diskette 73 in which a control device (not shown) and ejection are possible. IOC46 is connected also to 
the mouse connector 78, the serial port connector 80, and the loudspeaker connector 81 again, and these 
connect various optional equipments to a system. 

[0013] When drawing 2 is referred to> the LCD subsystem 62 is TFT LCD64 which has the pel 
constituted by the matrix of a "j"train x"k" line. It contains. A typical matrix consists of 640 train x480 
lines. Gate line 66-k is connected to the gate of all the pels in each line from two or more gate lines 66-1, 
and a gate signal is supplied to the line of a pel. Drain line 68-j is connected to the drain line of each pel 
of a different train from two or more drain lines 68-1, and a drain voltage signal is supplied to the train 
of a pel. The gate line 66 is driven by the line driver 69, and drives the drain line 68 by the train driver 
70. as for each pel, agate signal and a drain voltage signal are supplied simultaneously - or activation is 
carried out by connecting the level on a gate line and the drain line 68 to each pel, respectively, 
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rOOUl The line driver 69 operates with a CLK signal and a horizontal scanning (HSCAN) signal as 
usual, and the latter signal is supplied from timing and a control circuit 82. A CLK signal is supplt^dto 
a circuit 82 with a horizontal synchronization (HSYNC) signal and a vertical-synchronization (VSYNC) 
sienal The two latter signals are supplied with a CLK signal and a data signal also to tratn timing and a 
control circuit 84. This data signal is supplied from a control unit 48 and VRAM 60, and the digital value 
showing the gray-scale level displayed on each pel is included in each signal. A circuit 82 and a circuit 
84 generate the gate signal and drain signal which synchronize, operate and are promptly supplied to 
LCD64, and generate the display by data for a user to see by that cause. ._ 4M . . 

100151 This outputs a series of digital control signals of the V bit for a vertical scanning (VSCAN) and 
a data signal to line 88-j respectively including the RATCHIDO shift register 86 of plurality! driver / 
70 / train 1 from the reception from a circuit 84, and two or more lines 88-1 . The number of n is the 
number (2n) of the gray-scale level which can realize on a display technical target and is made into the 
object Or it is chosen based on the number of intensity levels, or is determined in advance. A lme 88 is 
connected to demultiplexer (DEMUX) 90-j from two or more demultiplexers (DEMUX) 90-1, 
respectively and these outputs are connected to the drain line 68, respectively. 
r00161 Two or more 2n The level latch (LL) 94 is connected to the input of the digital-to-anaJog 
converter (D/A) 92 of plurality [ output / the ] respectively. For LL94, it is loaded between calibrations 
so that it may be mentioned later, and a digital control signal is 2n. The brightness value which defines 
the drain electrical potential difference of the level from which a phase differs is expressed. These 
control values are 2n by D/A converter 92. It is changed into the analog drain electrical potential 
difference of the level from which a phase differs, and these electrical potential differences are 
transmitted to DEMUX90. Each DEMUX drives one of a voltage level which appears m the output of 
92 on the drain line 68, one pel in the train which receives an activation gate signal by that cause is 
driven and the intensity level depending on the data signal value supplied to DEMUX in this way is 
expressed. The value transmitted from the calibration system 96 between calibration processings is 
loaded to LL94, and this is explained in full detail behind. 

rOOni LCD64 has the opaque mask 1 00 surrounding the above-mentioned pel matrix, and the test pel 
98 is arranged from a user behind the mask which cannot be seen. It connects with the calibration 
system 96 and a test pel operates the photodiode 102 shown in drawing 3 . If drawing 3 is referred to, 
the (est pel 98 will be formed in a visible pel and coincidence, will have the same property as this, and 
will offer the reliable test for the calibration of an indicating equipment. A photodiode 102 is arranged 
so that the light in which a pel 98 emits light may be received, and it generates the output voltage which 
shows the brightness of such a light. A pel 98 receives a gate signal from a gate driver 104, and receives 
a drain signal from D/A converter 106 between calibrations. A transducer 106 has the same transfer 
characteristic as a transducer 92, and the analog output value is the same to the digital input value of 
arbitration A gate driver 104 is a free running oscillator, and is in agreement with the frequency and 
dutv cycle of a visible pel. Between calibrations, a test pel is driven with the same refresh frequency as 
the case of a visible pel, and offers the direct correlation with the property of a test pel, and it of a visible 
pel Manufacture of a certain display may produce some difference in the property of each pel. Although 
the activity of a single test pel needs to offer the accuracy of the lest which can be accepted two or more 
test pels are used into the example of this invention, and acquiring still higher accuracy is also included 
by averaging these results. . 
[001 81 The calibration system 96 has digital data processing system, and a microprocessor 105 is 
connected to RAMI 10, ROM1 12, a decoder 1 26, and a digital-to-analog converter (D/A) 1 06 for this by 
the bus 118 including a microprocessor 108. This is selectively performed in a microprocessor 108 by 
memorizing 1 14 in a calibration program or a routine, and ROM1 12 performs a calibration. A 
calibration is performed at the tune of the power on of the beginning of LCD, or when a processor 12 
( drawjngl ) performs the POST program 40 and passes self-test control to a display system, it is 
performed" When change of temperature, an atmospheric pressure, etc. affects a display about a display 
technique, a calibration may be dynamically performed according to such a change of state. Between 
calibrations, the analog output (DO) of a photodiode 102 is amplified by the amplifier 122, then, is 
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digitized by the analog-digital converter (A/D) 124, is transmitted on a bus 1 1 8, and is memorized by 
the table 1 16. A table 1 1 6 memorizes the digital test value (DV) which generated each analog value DO 
again, 

[0019] The calibration system 96 operates in a test mode and tri -state mode. A system 96 is connected 
effective in LL94, and the inside of a test mode performs a calibration lest first, and then loads a level 
latch. Then, a system 96 is switched to tri-state mode, it is cut from LL94, and the digital control value 
memorized by LL94 offers the gray-scale level of the object for operating LCD64. If drawing 4 is 
referred to and the calibration routine 1 14 will be performed by the processor 108, step 130 will be 
measured as a function of a series of test drain electrical-potential-difference values to which the output 
voltage of a photodiode 102 is supplied by the test pel 98. In such measurement, a table 1 16 is generated 
in RAMI 10 and the value of the test drain electrical potential difference DV corresponding to the 
photodiode output DO is memorized. The number of the test value acquired during a test or samples is 
larger than the number of level of the gray value beforehand determined in the display system of 
arbitration (for example, 100 times). Thereby, gray shading reinforcement is optimized. 
[0020) Next, in order to generate the drain electrical potential difference corresponding to the gray-scale 
level of the V phase at step 134, the control vahic from which it differs for loading to LL94 is chosen. 
It opts for this selection at step 136, and the mathematical analysis of the test drain volt input to the pel 
98 to a photodiode output is performed here. Such analysis is suitably carried out using either two 
formulas shown below or an equation, 
[0021] 

X(y+1) =X(y) *root2 (1) 

[0022] Here, the value of the range of 1 to 'V and M n of the minimum diode output and y by which the 
diode output corresponding to the gray-scale level of eye (y) watch in the diode output corresponding to 
the gray-scale level of eye watch (y+1) in X (y+ 1) and X (y) and X (1 ) are detected during a test" are the 
numbers of gray-scale level. 

[0023] n It is shown by n = ln(CR)/(ln 2) (/2), and "CR" is a contrast ratio, "In" is a standard natural 

logarithm and "n" is omitted by the integer here. 

[0024] 

X(y+l)=X(y)*eln CR/n (2) 

[0025] Here, e is the bottom of a natural logarithm and all other terms are already definition ending. 
[0026] By the activity of a formula 1, a gray-scale step ratio is about 1.4. It is generated and it is 
considered that this is the minimum ratio about the approaching brightness or gray-scale level which 
human being can identify. At a formula 2, it is 1 .4. A big step ratio is generated, as a result, a display 
will be discontinuous about brightness more and the difference of contrast can be identified now 
between the approaching level. If the step level of diode is determined, a table 116 is accessed, and the 
lookup of the DV value which generates such level will be carried out, and it will memorize in LL94 by 
making into a digital control value digital value chosen at step 138 next. This transmits a digital control 
value on a bus 118, and is latched by the latch signal by which this is sent through a line 128 from a 
decoder 126, In the usual operation after calibration completion, the drain line electrical potential 
difference of various level is repeatedly supplied to a pel by Pulse Amplitude Modulation as a fixed 
width-of-face pulse, and generates a different gray scale. 

[0027] Although the above-mentioned detailed calibration processing has been described about 
Monochrome LCD, it will be understood by this contractor by carrying out a calibration similarly to the 
liquid crystal of red, Green, and blue (RGB) that the above-mentioned processing is applicable also 
about colorization LCD. Moreover, it will be understood by this contractor that other modification in a 
detail is also possible, without deviating out of the example of this invention . 
[0028] 
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